Chronic hepatitis C virus (HCV) infection patients exhibit different sustained virological responses (SVRs) following the treatment with pegylated interferon-a (IFN-a) and ribavirin. Genome-wide association studies consistently linked SVR of IFN-abased therapy to the IL28B single-nucleotide polymorphisms (SNPs) on chromosome 19q.13 in various populations. This study was undertaken to investigate the association of IL28B SNPs with SVR in a cohort of Taiwanese chronic HCV patients. Ten SNPs of IL28B were genotyped in 728 chronic HCV patients and 960 healthy controls. Genotype distributions, allele frequencies and haplotypes were tested for SVR and susceptibility in Taiwanese chronic HCV patients. Non-genotype 1 infection (adjusted P ¼ 3.3 Â 10 À12 , odds ratio (OR) 0.179; 95% confidence interval (CI): 0.110-0.290) and low HCV viral load (o400 000 IU ml -1 ) (adjusted P ¼ 3.5 Â 10 À9 , OR 0.299; 95% CI: 0.200-0.446) were two major factors identified for high SVR. Notably, eight IL28B SNPs including previously described disease-associated SNPs (Trend test P ¼ 0.005) were significantly associated with SVR. Our data indicate that IL28B polymorphisms are the essential contributing factors for high SVR in Taiwanese chronic HCV patients. Combination of virus genotyping and host genetic data may be used to select the optimal treatment regimes in IFN-based therapy.
Introduction
Hepatitis C virus (HCV) infection, the leading cause of chronic liver disease, is emerging as a global concern of public health inflicting up to 3% human populations. 1 HCV infection usually appears as an asymptomatic disease, which accompanies the development of chronic persistent viremia in majority individuals despite substantial virus and host cellular immune responses. [2] [3] [4] HCV chronic infection associates with an intra-hepatic inflammatory infiltration, which is frequently followed by progressive fibrosis that leads to liver cirrhosis and ultimately to the development of hepatocellular carcinoma. [5] [6] [7] HCV infection induces the production of interferons (IFNs), especially IFN a (IFN-a), in part through viral nucleic acid interactions with distinct pathogen-associated molecular pattern recognition receptors, such as Toll-like receptors on cell surface and/or intracellular sensors, such as retinoic acid-inducible gene I like helicases in the infected host cells. [8] [9] [10] [11] The IFN signaling pathways activate IFN-stimulated genes (ISGs), which play critical roles in the host innate defense against HCV infection through repressing viral replication and enhancing cellular immune responses. 9, 11, 12 Pegylated IFN-a plus ribavirin therapy became the standard therapy for HCV viral infection recently. However, the therapy failed to cure all patients who underwent the treatment. In addition, patients may encounter specific adverse effects that require therapy withdrawal. 13 The interplay of the virus, environmental factors and the host immunity is implicated as the key process for the natural heterogeneity of viral clearance and liver injury. [14] [15] [16] [17] [18] [19] It remains a critical issue with regard to the viral persistence and the response to anti-viral therapy in individual patient.
Interferon l (IFN-l) is classified as the type 3 IFN that includes three subtypes (IFN-l1, 2 and 3). IFN-ls have pleiotropic cellular functions. The ligand receptor interaction triggers signaling pathways similar to those by IFN-a and b. 20, 21 IFN-ls are produced and expressed in antigen-presenting cells. IFN-ls have lower antiviral activities than IFN-a. However, IFN-ls have critical roles in fighting against viral infection. [22] [23] [24] Recently, four genome-wide association studies concurrently provided the overwhelming evidence that single-nucleotide polymorphisms (SNPs) of IFN-l3 (also known as IL28B) on chromosome 19q13 contribute to IFN treatment response and spontaneous HCV clearance in HCV infection. [25] [26] [27] [28] [29] Meanwhile, IL28B genetic variations influence the IL28B mRNA expressions, which may have a role in the regulation of intra-hepatic ISG expression. 26, 27 IL28B SNPs seem to impact the treatment response to pegylated IFN-a/ribavirin for chronic HCV infection among several ethnic populations. [25] [26] [27] [28] [29] In this study, we investigated whether the IL28B polymorphisms are associated with susceptibility to HCV infection and with response to the therapy of IFN and ribavirin in Taiwanese chronic HCV infection patients. Table 3 , genotype distributions and allele frequencies of two IL28B SNPs were significantly different between patients with chronic HCV infection and the normal healthy donors. The C allele of SNP rs28416813 appeared to be a risk allele for HCV infection (Trend test P ¼ 1.0 Â 10 À6 with 100 000 permutations; G vs C adjusted P ¼ 6.4 Â 10 À7 , OR 0.026, 95% CI: 0.006-0.110; genotypes CG þ GG vs CC adjusted P ¼ 1.5 Â 10 À5 , OR 0.012, 95% CI: 0.002-0.089). In addition, the SNP rs8099917 genotypes appear to be a predisposition factor for HCV infection (genotype GG vs GT þ TT adjusted P ¼ 0.001, OR 0.034; 95% CI: 0.004-0.254). Therefore, the SNP rs8099917 GG could be defined as the protective genotype. Notably, the SNP rs8099917 GG genotype frequency of the normal control males tested negative for HCV antibody was 21.5 times of that in the male patients with HCV infection (Table 4 ). Significant deviations from Hardy-Weinberg equilibrium in genotype and allele distributions were observed for SNP rs28416813 and rs8099917 in both HCV patients and normal controls (Po0.05).
Results

Clinical characteristics of chronic HCV infection patients
IL28B polymorphisms are associated with SVR in the treatment of chronic HCV infection Patients with chronic HCV infection may manifest heterogeneous clinical characteristics and exhibit different SVRs to IFN therapy. Hence, we stratified patients into two groups in accordance with SVR to the treatment. As shown in Table 3 , genotype distributions of the eight SNPs (rs12980275, rs8105790, rs11881222, rs4803219, rs12979860, rs8099917, rs7248668 and rs10853728) were significantly different between SVR positive and negative patients (Trend test P ¼ 0.005 with 100 000 permutations). The advantageous alleles of IL28 polymorphisms had similarly high frequencies in SVR positive groups (Table 5) . Consequently, we examined whether IL28B SNP haplotypes were associated with SVR based on linkage disequilibrium blocks ( Figure 1 ). As shown in Table 6 , IL28B haplotypes ACC (rs11881222, rs4803219 and rs12979860), AT (rs12980275 and rs8105790), ATA (rs12980275, rs8105790 and rs11881222) and TA (rs8105790 and rs11881222) revealed as low responder alleles. Our data suggest that genetics of IL28B may impact the SVR in the treatment of HCV infection in Taiwanese.
IL28B polymorphisms are associated with HCV genotypes of chronic HCV infection
We also investigated possible interactions of IL28B polymorphisms with other clinical characteristics of chronic HCV infection in Taiwanese. We observed significant association (Po0.05) between HCV genotypes and IL28B SNP rs8099917 (Trend test P ¼ 0.03 with 100 000 permutations; G vs T adjusted P ¼ 0.0318, OR 1.729, 95% CI: 1.049-2.851) and between HCV genotypes and rs7248668 (Trend test P ¼ 0.028 with 100 000 permutations; A vs G adjusted P ¼ 0.0267, OR 1.777, 95% CI: 1.069-2.956). Our data suggest that IL28B gene products may associate with certain strains of HCV infection. Next, we performed multivariate analysis to comparatively evaluate the independent contribution of the significant IL-28B SNPs and the non-genetic clinical characteristics. Notably, rs12979860 is the only IL28B SNP showed significant association in multivariate analysis (P ¼ 2.3 Â 10
À8
, OR 0.177, 95% CI: 0.096-0.324).
Discussion
Chronic HCV infection involves in a complex interaction of virus with host innate and adaptive immunity. Abbreviations: CI, confidence interval; HCV, hepatitis C virus; OR, odds ratio; RAF (normal) and RAF (HCV), risk allele frequency in normal controls and HCV patients; SNP, single-nucleotide polymorphism. P trend value were calculated by the Cochran-Armitage trend test with permutation ¼ 100 000. Table 4 Genotype frequencies of IL28B SNPs in normal controls and patients with chronic HCV infection, SVR positive, SVR negative Although the acute infections are highly amenable to therapy, approximately 80% HCV infections progress to viral persistence. 2, 5 Several host factors including alcohol intake, age at the time of infection, gender and coinfection with the hepatitis B virus or human immunodeficiency virus are known to affect disease courses in HCV infection. 1, 5, 13, 14 Accumulating evidence supports a critical role of host genetics in immune responses, which may predict the treatment response and outcome of viral clearance. 18, 30, 31 Consistent with previous reports, this study established a predictive role of IL28B polymorphisms in the treatment of chronic HCV infection with IFN-a plus ribavirin in Taiwanese patients.
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HCV evades the host immune surveillance by triggering production of viral inhibitory enzymes and negative signal regulatory proteins that block signal transduction pathways of human innate immune system. 19, 32 In addition, HCV employs multiple escaping strategies including viral genetic variability (genotype switches), baseline viral load, quasi-species entity and high viral turnover to protect HCV from host humoral and cellular immunity. 16, 19, 32, 33 Our data provided direct evidence that HCV genotype 1 and high basal viral load are two key factors for SVR in the treatment of Taiwanese HCV patients.
IFN-l1 (IL29), IFN-l2 (IL28A) and IFN-l3 (IL28B) belong to type II cytokine family induced by virus infections. Besides their antivirus activities, IFN-ls are capable of modulating innate immune response effects. 21 IFN-ls bind to the heterodimeric receptors of specific IFN-lR1 and common IL10R2, which form a trimeric ISG factor complex that triggers a cascade of signal transductions. 34 The binding of ISG factor to IFN response elements results in steady upregulations of several ISGs with antiviral effects. [35] [36] [37] [38] In animal models, the antiviral activity of Toll-like receptor signaling pathways induced by Toll-like receptor-3 and 9 agonists was significantly decreased in IL28R1 knockout mice. 39 In gene expression comparison studies, peripheral blood and liver tissue cells in chronic HCV infection with low SVR in response to IFN/ribavirin therapy display a defect in ISG production, which may be due to pre-activated states in blunted IFN cell signaling. [40] [41] [42] These findings point to the critical roles of host genetic variations in IFN-amediated innate immune signal pathways that may affect chronic HCV infection course and treatment response. Indeed, certain host genetic polymorphisms involving in IFN signal pathways and ISGs have shown modest effects on IFN-a treatment response in patients infected with HCV. [43] [44] [45] HCV persistent infection induces a cascade of innate and adaptive immune cellular dysfunctional changes. 4, 17 IFN-ls produced by monocyte-derived dendritic cells and plasmacytoid dendritic cells facilitate viral clearance by influencing innate and adaptive immunities. 22, 46, 47 IL29 and IFN-a modulate the co-stimulatory molecules expressions on plasmacytoid dendritic cells and lead to signature cytokines production. 48 In addition, IL29 modulates the Th1/Th2 differentiation that favors the pro-inflammatory (Th1) response, which enhance adaptive cellular immunity to eradicate virus infection. [49] [50] [51] [52] During vaccination, IL28B increases the cytolytic CD8T cell differentiations and suppresses the of T regulatory cell productions, which protect animals from mortality after a lethal influenza challenge. 52 These immunological Table 4 Continued 
responses collectively suggest IFN-ls are critical in suppressing viral replication during HCV chronic infection. However, the mechanisms that IL28B SNPs are associated with the response to IFN-a-based therapy remain to be elucidated in humans.
In therapy with pegylated IFN-a plus ribavirin, the adverse events and failure of response sometimes occurred. 13 The novel HCV treatment strategies are still under development to improve sustained response rates. IFN-ls have several important roles in controlling chronic HCV infections and may be useful in future therapy. IFN-ls can enhance the subsaturating levels of IFN-a and increase the antiviral efficacy. 35 The combination of IFN-ls and IFN-as may provide the additive therapy effect through the complementary roles of two types of cytokines. 37, 38, 53 As the distribution of IFN-l receptors are restricted on plasmacytoid dendritic cells, peripheral B cell, hepatocytes and epithelial cells, IFN-ls may be used to target specific cell responses and to avoid the adverse events of therapy of IFN-as. 53, 54 Genome-wide association studies in independent populations confirmed that IL28B genetic variations are associated with HCV IFN-based therapy response and spontaneous clearance of HCV. [25] [26] [27] [28] [29] In this study, we compared genotypes and alleles frequency of IL28B SNPs between normal controls and patients with chronic HCV infection in Taiwanese. In Caucasians and Africans, IL28B SNP rs12979860 CC genotype and C allele are associated with spontaneous resolution of HCV infection, however, no differences in genotype and allele distributions were observed for IL28B SNP rs12979860 between HCV patients and normal controls in Taiwanese. Paradoxically, rs8099917 GG genotype and rs28416813 G allele that associated with low response in Australians and Japanese were significantly enriched in Taiwanese normal male population. On the other hand, eight SNPs with strong linkage disequilibrium demonstrate significant associations with SVR on single point analysis. However, haplotype analysis failed to increase the significance of association, which is different from the results of previous studies. 26, 27 These findings suggest that various IL28B SNPs are associated with the treatment response of HCV in Taiwanese. Nevertheless, the exact causal roles of IL28B polymorphisms remain to be elucidated.
The combinational treatment of pegylated IFN-a and ribavirin is widely applied to chronic HCV infection. The treatment results in sustained clearance of virus and clinical improvement in various ethnic populations. 13, [55] [56] [57] [58] However, the response rates showed ethnic difference with poor response in patients of African Abbreviations: CI, confidence interval; HCV, hepatitis C virus; NR, no response; OR, odds ratio; RAF, risk allele frequency; SNP, singlenucleotide polymorphism; SVR, sustained virological response. Risk allele, the allele with higher frequency in cases compared with controls. P trend value was calculated by the Cochran-Armitage trend test with 100 000 permutations. 
ancestry and Hispanic ancestry in comparison with patients of Caucasian ancestry. 55, 56 We observed higher SVR rates in Taiwanese chronic HCV infection who received IFN-a and ribavirin combination therapy, similar to the previous findings in Asians. 57, 58 The IL28B genetic variations affect mRNA expressions, indicating functional polymorphisms in regulatory regions may interfere with treatment responses. 26, 27 This study confirmed that IL28B SNPs are associated with SVR of HCV treatment response across all ethnic groups. The advantageous IL28B SNPs have significantly higher frequencies in Asian populations than in populations with African and Caucasian ancestry origins, which may provide explanation for the ethnic differences in SVR in IFN-based therapy among Asians, Europeans and Africans.
Recognizing the cost-effective concern and the potentially serious adverse effects, investigators and clinicians put emphasis on the importance of predicting the response to IFN-based biologic therapy. The longer duration of treatment achieved significantly higher SVR rates than the shorter course therapy, which may indicate the specific refractory cases with genotype 1 infection. 58, 59 Human genome variations explain part of the different effective responses. The combination of data including virus genotypes, viral load, immunological cellular and gene expression changes, and host genetic variations may be critical to determine individual appropriate treatment doses and duration, which is valuable to minimize the adverse effects of biologic agents. This study could provide another critical evidence for usefulness of application of genetic data in clinical settings for predicting the treatment response. In Asians, patients carrying IL28B low response alleles and genotypes could be identified for longer antiviral treatment. However, SVR of HCV infection is determined by multiple genetic loci. The practical utility of genetic data in treatment choice remains to be determined for IFN-based therapy.
In conclusion, IFN-ls appear as critical functional immune response molecules that could be therapeutic target in the treatment of persistent HCV infections. Genetic data of IL28B SNPs may provide novel guidelines in determining optimal treatment duration with IFN-based therapies. ). The baseline levels of HCV-RNA were determined by VERSANT HCV RNA 3.0 Assay in 669 patients and confirmed by Cobas Amplicor HCV v2.0 before January, 2008. Thereafter, COBAS TaqMan HCV Test was applied in 59 patients. HCV RNA level o2 MEQ (equal to 400 000 IU ml -1 ) was defined as low viral load. HCV genotypes were analyzed using a genotype-specific probe-based assay in the 50 untranslated region.
Materials and methods
Study subjects
Clinical SVR and liver biopsy SVR was defined when serum HCV-RNA was undetectable at the end of therapy and at 24-week follow-up after the treatment. Non-response was designated when viral RNA reappears within 6 months after the cessation of treatment; or when viral load decreases o2 logs after 12-week treatment, or when viral RNA was detectable at the end of treatment. The liver biopsy was interpreted and graded by Ishak classification. In the analysis, we categorized fibrosis into cirrhosis (fibrosis score 5 or 6), severe fibrosis (fibrosis score 4) and mild fibrosis (fibrosis score 1 or 2 or 3).
Nucleic acid isolation
Anti-coagulated peripheral blood was obtained from healthy normal blood donors and HCV patients. Genomic DNA was isolated from EDTA anti-coagulated peripheral blood using the Puregene DNA isolation kit (Gentra Systems, Minneapolis, MN, USA) as previously described. 60 Taqman-based assay for the genotyping of SNPs The oligonucleotide sequences flanking IL28B polymorphisms were designed as primers for Taqman allelic discrimination assays. Allele-specific primers were labeled with a fluorescent dye (FAM or VIC) and used in the PCR reaction. Aliquots of the PCR products were genotyping using allele specific probe of SNPs on a realtime PCR Thermocylcler (ABI, Foster City, CA, USA).
Statistical analysis
We carried out single-locus analyses of IL28B polymorphisms for 960 normal healthy controls and 728 patients with chronic HCV infection. Three w 2 tests: the genotype test, the allele test and Cochran-Armitage trend test were performed, and associations with SNPs (Po0.05) were identified using the SAS/Genetics software package release 8.2 (SAS Institute, Cary, NC, USA). For the analysis of risk genotypes/alleles, we used logistic regression models adjusted for age and sex and calculated P-values, ORs, and their 95% CIs. Linkage disequilibrium between marker loci was assessed and haplotype blocks were constructed using Haploview 4.1 (Broad Institute of MIT and Harvard; http://www. broad.mit.edu/mpg/haploview). For the markers within the same haplotype block, we used disease status (case vs control) and five clinical characteristics: body mass index, drug, HCV genotype, HCV RNA viral load and SVR as traits and tested for the haplotype-trait association utilizing SAS HAPLOTYPE procedure. To investigate the genetic association with clinical characteristics including body mass index, drug, HCV genotype, HCV RNA viral load and SVR for the case group, we controlled for each of these five characteristics and performed stepwise logistic regression analyses. Additionally, we examined the association of SVR with age on IFN therapy, gender, body mass index, HCV RNA viral load, HCV genotype, adherence and degrees of liver fibrosis in the chronic HCV infection patients using Student's t-test and w 2 test. The 5% level of significance for P-values was used for all the analyses.
